Cost overruns are common on government and commercial projects. This paper proposes a cost risk estimating method that provides more accurate estimates of total project cost and answers the following important questions: (1) What is the most likely cost? (2) How likely is the baseline cost estimate to be overrun? (3) How much contingency is required on the project to guarantee that the total project cost is not to be exceeded, with a certain confidence level? The proposed method is based on the Monte Carlo simulation. It helps gain better information than traditional cost estimating methods, mainly because it recognizes that project costs are uncertain. A fictitious case study was developed to provide a structured way to provide the contingency value of a project in order to avoid cost overruns. Data were collected on low, most likely and high possible costs and the @Risk software from the Palisade Corporation was used to run the Monte Carlo simulations. Using a simplified cost case study, this paper demonstrates how Monte Carlo simulation can assist project managers in estimating the contingency to be allocated to their project, and contribute to fostering and bolstering the credibility of risk analysis results.
INTRODUCTION
Cost overruns have been shown to occur in a significant number of Defence projects. Auger [1] noted that despite the introduction of defence procurement reforms in recent years, Canada, and its allies continue to face cost overruns and delays with the delivery of major weapon systems and military equipment. The problem is not unique to the Canadian Defence sector. It affects all kinds of projects in different sectors of the economy, in Canada and worldwide. New research by Flyvbjerg [2] found that cost overruns occurred on nine out of ten megaprojects and concluded that 'overruns of up to 50 percent in real terms are common, over 50 percent not uncommon'. Notorious examples of project cost overruns from all over the World were reported in Flyvbjerg's research work. Among them, one can find the disastrous project for the construction of the Montreal Summer Olympics in Canada, which ended-up costing 13 times its original price estimate.
Cost overruns are problematic. They don't necessarily lead to project failure, but they do create budgeting problems and take money from other priority projects. In the public sector, cost overruns also translate into a loss of public confidence in the way the government manages taxpayers' money.
What causes such cost overruns? In the Defence world, Younossi et al. [3] identified the complexity of technology, the scale of the program and the over-optimism of program managers who overlook certain problems as the main reasons for cost overruns. Other factors found on the internet as to why project cost overruns may occur include: design errors; frequent changes in the project scope; escalation of costs associated with a project (labour, materials, equipment, administration, etc.) due to unforeseen events; unexpected project delays that automatically translate into more time and money; and poor management.
While these causes are valid in some cases, the main cause for cost overruns, as Flybjvberg et al. [4] indicates is cost underestimation. 'Projects promotors routinely ignore, hide, or otherwise leave out project costs and risks in order to make total costs appear low'. In other words, artificially low costs are presented to gain initial project approval, and then, once projects get underway, costs are revised upward. The cure for this is of course transparency and accountability, but also better cost estimating methods to account for risks and uncertainties over the life cycle of a project. This paper proposes a simple and sound cost risk estimating method to apply to any type of project, in order to mitigate the risk of cost overruns. It should be noted that better cost estimates would not necessarily save any money; however, they would provide decision makers with a better basis for deciding whether to pursue a given program, thus avoiding potential project cost overruns.
CONTINGENCY DEFINITION
The objective of contingency allocation is to cover for items of cost which are not known exactly at the time the estimate is developed. This could be because of incomplete engineering, lack of time to get definitive pricing, minor errors and omissions and minor changes, within the scope. The Association for the Advancement of Cost Engineering (AACE) defines contingency as, 'An amount added to the estimate to (1) achieve a specific confidence level, or (2) allow for changes that experience shows will likely be required.' [5] . Contingency is described in many different ways across the industry, but the common purpose for determining contingency is to account for the uncertainty or unexpected.
MOTI Project Cost Estimating Guidelines [6] indicate that cost estimates should always include contingency to cover for certain uncertainties and risks. Contingency is an item in a cost estimate like any other. It should be presented as a separate line to have it clearly identified. It is not 'padding' and it is expected to be spent during the life of the project. By no means, should it be considered as a reserve fund to compensate for inaccurate estimating, changes of scope or 'nice-to-haves'. In addition, it should not provide for costs associated with external influences (i.e. those not under the control of the project manager or estimator), such as strikes or work stoppages; changes in government policies and regulations; natural disasters, major accidents, catastrophes or significantly abnormal weather; management reserves; and escalation and currency effects.
Last, but not least, the amount of contingency required should be determined very carefully. Remember a cost estimate, which does not contain enough contingency may jeopardize the success of the project and could lead to cost overruns. Equally as important, placing too much contingency in a cost estimate could impact in a negative way the project 'go/no-go' decision. It should also be noted that too much contingency represents money which cannot be used on other projects.
METHODS FOR ESTIMATING THE COST CONTINGENCY
There are numerous methods used to estimate the required contingency. At the simplest level, there is the percentage approach, where the contingency is calculated as an across-the-board percentage addition to the base estimate. Baccarini [7] indicates that this is the most common approach for estimating project cost contingency. However, this method is overly simplistic and fails to explicitly acknowledge the underlying project risks that drive the need for contingency in the first place and therefore exposes the organization to either overcompensating for risk or underestimating risk.
A slightly better method consists of calculating a contingency percentage for each major cost element, which at least acknowledges that some parts of the project may have greater uncertainty than others. According to Mak et al. [8] , this is still insufficient, because a single-figure prediction of estimated costs implies a degree of certainty that is not justified.
The weaknesses of the traditional percentage addition approach for calculating contingencies had led for a search for more robust approaches. Baccarini [9] conducted a literature review of these methods. Monte Carlo simulation was found to be the most widely accepted method for estimating the required cost contingency as project cost estimators become more aware of its improved effectiveness over the traditional percentage approach. The Project Management Body of Knowledge (PMBOK) [10] advocates its use for performing quantitative risk analysis.
DATA COLLECTION
A fictitious case study, based on a typical capital transportation construction project, was developed to provide a structured way to estimate the contingency value using Monte Carlo simulation. The first step for estimating the required cost contingency consists of dividing the project into manageable cost elements. Depending on the type of project, generic Cost Estimating Structures (CES) or Work breakdown structures (WBS), which consist of the major categories of work that make up the project, could be used.
The vast majority of capital transportation construction projects entail the same fundamental cost elements (see Table 1 ). MOTI Appendix 1 -Cost elements for Transportation Projects [6] , provides a detailed description of each of these cost elements and the methods used to estimate them, depending on the maturity of the project. Note that the estimation figures used to derive the total project cost of $280 M (base estimate) are arbitrary and do not represent real costs.
Once the cost elements of the project are well defined, the next step consists of determining for each cost element, the Most Likely Cost, High Cost and Low Cost to represent the uncertainty that each cost element presents. According to MOTI [6] , during early stages of a project, the amount of uncertainty can be quite high (30% to 40%). As the project progresses, the uncertainty decreases (5% to 10%).
It is recommended to use the AACE Cost Estimate Classification system [11] to determine how the costs are distributed between the Low Cost and the High Cost and what methodology to use to estimate the Most Likely cost, depending on the maturity of the project. Our case study was based on Class 3 estimate, which corresponds to a pre-tender cost estimate awaiting budget authorization. The uncertainty of each cost element can then be examined using probability distributions. For illustration purposes and to keep things simple, the triangular distribution was used to represent the Low Cost, Most Likely Cost and High Cost, since its shape can be described by three-point estimates.
Finally, data on correlation between the cost elements should also be collected, since correlation has an impact on the contingency value. Historical data and expert judgement can be used to determine how cost elements are correlated between each other.
RUNNING THE MONTE CARLO SIMULATION
Once the data collection process is complete, the Monte Carlo simulation can be executed to determine the overall risk for the combined costs of the project. We used the @Risk and Decision Tools software from the Palisade Corporation, as the number of iterations required makes this process impossible to do by hand.
For each iteration, the Monte Carlo simulation randomly selects a cost for each item, in accordance with the specified probability distribution, and then adds together the costs of all elements, to get the total project cost. The procedure is repeated many times. When the simulation is completed, the total project costs generated from each iteration are plotted on a histogram. The distribution of costs for the total project forms the basis for estimating the cost contingency required. Figure 1 and 2 show the simulation results, based on 10,000 iterations. Typically, 5,000 iterations and more are used for most project risk analyses. Three important results can be noted:
RESULTS
• First, the most likely cost for the project, represented by the mean, was estimated to be approximately $289.33 M.
• Second, the base estimate, as shown in Figure 2 , is about 20% likely to be $280 M or less and 80% likely to be overrun.
• Third, the total project cost at the 90th percentile is approximately: $303.46 M. So, how much contingency is required on the project to guarantee that the total project cost is not to be exceeded at a certain confidence level? To answer this question, Let us assume that the Ministry of Transportation and Infrastructure is very conservative and will not accept to bid a project that has a likelihood of overrunning that is greater than 10%. Since the contingency is 'An amount added to the estimate to achieve a specific confidence level', this means that the difference between the base estimate and the total project cost at the 90th percentile is the amount of contingency that would be necessary to provide the company with the assurance that the estimated total project cost will not exceed the level of acceptable risk of 10%. Therefore, the required amount of contingency for the current case study at the 90% confidence level is $23.46 M ($303.46 M-$280 M). In terms of percentage, this represents a contingency of 8.4%. This result is consistent with what the literature says about the percentage of contingency required for a typical pre-tender estimate (5% to 10%). Note that at a higher confidence level (95% and above), the amount of contingency required would be slightly greater.
SENSITIVITY ANALYSIS
In order to reduce the amount of contingency, a sensitivity analysis can be conducted to detect the key cost elements affecting the total project cost. The bars in Fig. 3 show the cost elements which contribute the most risk to the total project. The length of the bars is the amount of change in the output due to a +1 standard deviation change in the input. As shown in Fig. 3 , Construction and Property Acquisition proved to be the most contributing factor to the risk of the total project cost. Particular efforts should then be directed towards these cost elements, in order to reduce the impact of risk events and uncertainties to the total project cost, as well as the amount of contingency required.
CORRELATION ANALYSIS
Correlation between cost elements also has an impact on the contingency value. To demonstrate the potential effects of correlation, an analysis of a hypothetical case was conducted assuming that each cost element is positively correlated with Construction and the correlation factor is 0.8. Figure 2 : Cumulative distribution chart for the total project cost. Tables 2 and 3 below display the simulation results without and with correlation. By comparing the statistics of both scenarios, one can see that the mean is the same but the standard deviation and the range width (measures of dispersion) have increased in the case of the scenario with correlation. Comparing the percentiles shows that the contingency value needs to be slightly greater at higher levels of confidence when a positive correlation exists between the project cost elements, based on the assumptions. As highlighted in the table, the presence of a positive correlation between the project cost elements, as specified, would slightly raise the risk of cost overruns at the 60th percentile level and higher.
CONCLUSION
Based on a fictitious case study, this paper demonstrated how the Monte Carlo simulation can assist project managers in estimating the contingency value to be allocated to their project, to mitigate the risk of project cost overruns. The proposed methodology provided answers to the following questions: (1) What is the most likely cost? (2) How likely is the baseline cost estimate to be overrun? (3) How much contingency is required for the project to guarantee that the total project cost is not to be exceeded at a certain confidence level? This involved dividing the project into manageable cost elements and carefully collecting data on low, most likely and high possible costs, as well as on correlation between the cost elements. The @ Risk tool from the Palisade Corporation was used to provide the power of the Monte Carlo simulation. This paper also showed the importance of cost risk analysis to identify the major key cost elements that contribute the most risk to the total project cost and where efforts should be focused, in order to prevent cost overruns. It has also demonstrated how correlation between cost elements could also affect the contingency value, thus providing a complete and sound cost estimating and analysis approach that contribute to fostering and bolstering the credibility of risk analysis results. 
